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CLAIMS 



1. A polymer electrolyte membrane which includes a 



polymer haviVig a moiety of formula 




wherein at least ^me of 6he uni\s I, II, and/or III 
are sulphonated; wherein the phenyl mcMeties in units I, 
II and III are independently op^iona'fly substituted and 
optionally cross -linkfed; and wherein m,r,s,t,v,w and z 
independently represent zero or a positive integer, E and 
E' independently represent an oxygeX or a sulphur atom or 
a direct link, G represer^ an oxygenVor a sulphur atom, a 
direct link or a -O-Ph-O- moiety where Ph represents a 
phenyl group and Ar is selected from one of the following 
moieties (i) to (x) which is bonded via dne or more of its 
phenyl moieties to adjacent moieties ^ 
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(iv) 



(vii) 
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2 . A polymer electrolyte membrane Vhich includes aX^olymer 
having a moiety of formula I and/or \a moiety of formula II 
and/or a moiety of formula III as described in claim 1, 
wherein at least sora^of units I,\ II and/or III are 
f unctionalized to provide ion exchange sites. 



3. A membrane according to claim 1 or \:laim 2, wherein 
said polymer is crystalline. 



4 . A membrane according to any preceding claim, 
"a" represents the mole % of units of formulk I 



wherein 
in said 



WO 00/15691 





PCT/GB99/02833 



48 



w 

iu 



10 



polymer; "b" represents the mole % of units of formula II 
in said polymer^ and "c" represents the mole % of units of 
formula III in said polymer and wherein a is in the range 
45-100 and the sxim of b and c is in the range of 0-55. 

5. A membrane according to any preceding claim, wherein 
said polymer consists essentially of moieties I, II and/or 
III . 

6. A membrane according to any preceding claim, wherein 
said polymer is a hom^polymer having a repeat unit of 
general formula 



or a homop o 1 yme r 
15 formula 



unit of general 



20 




IV 



V 



or a random or block copolymer of at \east two 
different units of IV and/or V 

wherein A, B f C and D independent lY represent 0 or 1 . 

7. A membrane according to claim 6, wherein said polymer 
includes at least one repeat unit of formula IV. 



25 



8. A membrane according to claim 6, whereVn said polymer 
is a copolymer comprising a first repeat u\it of formula 
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IV wherein E and\E' represent oxygen atoms, G represents a 
direct link, Ar represents a moiety of structure (iv) , m 
represents 1, w Represents 1, s represents zero, A and B 
represent 1 ; and 
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a second repeat unit of formula V wherein E and E' 
represent oxygen atoms, Ar represents a structure (i) , m 
represents 0, C represents 1, z represents 1, G represents 
a direct link, v represents 0 and D represents 1. 

9. A membrane according^&cr^qlaim 6, wherein said polymer 
is a copolymer comprisdhg a first repeat unit of formula 
IV, wherein E and E ' / represent oWgen atoms, G represents 
a direct link, Ar represents a moiety of ^structure (iv), m 
represents 1, w represent^ 1, s V^P" sents °* A an ^ B 
represent 1 . 



10. A membrane according to ^d(laim 6, Aerein said polymer 

iirst repeat unit of formula 



is a copolymer comprising^ 



IV wherein E and E' ieorfesent dxygen atom^y G represents a 
direct link, Ar represents a moiety of structure (iv) , m 



\ 



represents 0, A and B 



represents 1, w represents 1, 

represent 1; and a second rerieat unit \of \ formula IV 
wherein E represents \an oxygem atom, E 1 represents a 
direct link, Ar represents a moiety of structure (i) , m 
represents zero, A represents 1, B ^represents 0 



11. A membrane according to claim 6\ wherein said polymer 
is a copolymer comprising a first repeat unit which is 
30 either: 



(a 1 ) of formula IV wherein E \and E* represent 
oxygen atoms, G represents a direct link\ Ar represents a 
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moiety of structure (iv) , m and s represent zero, w 
represents 1 and A and B represent 1; or 

(b 1 ) of foVmula IV wherein E represents an oxygen 
atom, E' represents a direct link, Ar represents a moiety 
of structure (i) , \m represents zero, A represents 1, B 
represents zero; 

and a second repeat unit which is either: 



(C) of formula\ IV wherein E and E ' represent 
oxygen atoms, G represeri£s aNdirect link, Ar represents a 
moiety of structure (iy)\ m represents 1, w represents 1, 
s represents zero, A arid B\ represent 1; or 



(d'> of formul 
atom, E 1 is a direct 
represents a moiety 
zero, w represents 1, 



represents . an oxygen 



IV wherein 
link, g\ represents a direct link, Ar 
structure Xav) , m and s represent 
A and B irejaresenk 1 . 



12. A membrane according to/claita 11, wherein said polymer 
has a repeat unit as dp^cribed iji paragr%)h (a 1 ) or (b») 
in combination with\ a repeat \unit as \ described in 
paragraph (c • ) . 



13 . A membrane according to clai 



m 



V 



comprising a first 



repeat unit which is selebted from the following 



(a) a unit of formula IV wherein \E and E ' represent 
oxygen atoms, G represents a direct lirik, Ar represents a 
moiety of structure (iv) , m and s represent zero, w 
represents 1 and A and B represent 1; 
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(b) a unit of formula IV wherein E represents an oxygen 
atom, E ' represents a direct link, Ar represents a moiety 
of structure ^(i) , m represents zero, A represents 1, B 
represents zero; 



(c) a unit \of formula V wherein E and E represent 
oxygen atoms, G Represents a direct link, Ar represents a 
moiety of structure (iv) , m and v represent zero, z 
represents 1 and C\and D represent 1, 

(d) a unit of formula V wherein E represents an oxygen 



atom, e' represents 
of structure (ii) , 
represents 0; or 



direct link, Ar represents a moiety 
represents 0, C represents 1, D 



(e) a unit of f o^mulk V "Wherein E and E represents an 
oxygen atom, Ar represent as a structure (i) , m represents 0, 
C represents 1, Z represents 1, \ represents a direct link, 
v represents 0 and D. represents I; 1 

and a second repeat unic^/which\ is selected from the 
following : 



(f) a unit of formula IV wfierein 



and E 1 represent 



25 oxygen atoms, G represents a direct link A Ar represents a 
moiety of structure (iv\, m represents 1, w Represents 1, s 
represents zero, A and b\ represent \l ; 



(g) a unit of formula IV wherein E represents an oxygen 
30 atom, E ' is a direct link, G represents a direct link, Ar 
represents a moiety of structure (iv\) , m and s represent 
zero, w represent 1, A and B represent 
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(h) a unit formula V wherein E and E represent 
oxygen atoms, G represents a direct link, Ar represents a 
moiety of structure (iv) , m represents 1, z represents 1, v 
represents 0, C and\D represent 1; and 

(i) a unit of formula V wherein E represents an oxygen 
atom, E f represents a direct link, G represents a direct 
link, Ar represents a\ moiety of structure (iv) , m and v 
represent zero, z represents 1, C and D represent 1 ; 



14 . A membrane accordi 
wherein said second unit 
IV wherein E and E 1 repre 
direct link, Ar repre4ent 
15 represents 0, w represents 
represent 1; or a unit of 
represent oxygen atoms, G 
represents a moiety 



represents 1, v represents 0, 

15 . A membrane according to 
said copolymer has a 
(b) , (d) or (e) in c 
selected from units (f) 




any of claims 6 to 13, 
ted from a unit of formula 
atoms, G represents a 
y of structure (v) , m 
presents 0, A and B 
V wherein E and E 1 
direct link, Ar 
m represents 0 , z 
esent 1 . 

im 14 , wherein 
ed from units 
repeat unit 



16. A membrane according 
said polymer is a homopoiymer havi 
general formula 



aims 1 to 5 , wherein 
a repeat unit of 



IV* 
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or a homfcgpolymer having a repeat unit of general 
formula 





-)rf 




V 



-Ar 




O 



E'- 



or a random or\ block copolymer of at least two 
different units of IW and/or V* wherein A, B , C and D 
independently represent\0 or 1. 
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17. A membrane according 
polymer includes : a 
represents a direct li 
represents a direct li 
represent 1 ; and/or a 



claim 16. 



wherein said 



ret 



,s an 



epeat 



represents a direct 1: _ 

t lir)k, z, 



represents a direc 
represent 1 . 



uftit of formula IV* wherein E 
esents an oxygen atom, G 
m represent 0 , A and B 
lit df formula . V* wherein E 
>reseXits art) oxygen atom, G 
sent 0, C and D 



18. A membrane according to 
repeat unit of formula IV\* 
(i) according to claim 13 



V* arte 



17 w^aich includes a 
any o,f units (a) to 




19. A membrane according toy any preceding claim, wherein 
said polymer includes at least some ketqne moieties in the 
polymeric chain. 



20. A membrane according to any preceding\claim, wherein 
said polymer includes a biphenylene moiety. 
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21. A membrane according to any preceding claim, wherein 
said polymer includes a -O-biphenylene-O- moiety. 



22. A membrane according to any preceding claim, wherein 
said polymer includes a -O-naphthalene-O-moiety . 



23. A membrane according to any preceding claim, wherein 
said polymer has a glass transition temperature (Tg) of at 
least 144°C. 

24. A membrane according \to claim 23, wherein said glass 
transition temperature is at least 154 °C, 



25. A membrane according 
said polymer has an inher 



cording 



2 6. A membrane ac 
fuel cell . 



27. A membrane according to an 
electrolyser . 

28. A fuel cell incorporati 
membrane according to any of 




eceding claim, wherein 



of at least 0.3. 



eding claim, for a 



Ing claim, for an 



er electrolyte 



29. An electrolyser incorporating ^a polymer electrolyte 
membrane according to any <^f claims 1 to 25. 

30. A gas diffusion electrode incorporating a polymer 
electrolyte membrane according to any of claims 1 to 25. 



31. A novel polymer as described in any \pf claims 1 to 25 
per se. 
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32. A process\ for the preparation of a polymer a 
described in \any of claims 1 to 25, the proces 
comprising : 

(a) polycond^nsing a compound of general formula 



with itself wherainjd^represents a halogen atom or < 
group -EH and Y 2 represented halogen atom or, if Y 
represents a halogen/atom, Y 2 represents a group E'H; or 



(b) polycondensi'ng a compound fef general formula 




xH+0^co4+0^<3 




with a compound lof formula 



VII 



and/or with a compound of formula 



xH-tO+soH-fO+f-G 



04fso 2 4 O 



X 2 VIII 
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represents a halogen atom or a group 



-EH 



wherein Y* 1 

(or -E 1 H if appropriate) and Y 2 represents a halogen atom 
or a group -E'H \and X 2 represents the other one of a 
halogen atom or a droup -E'H (or EH of appropriate) ; and 



Q 



Hi 
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(c) optionally copolymerizing a product of a process 
as described in paragraph (a) with a product of a process 
as described in paragraph (b) ,- 



wherein the phenyl \m6ieti^s 
VIII are optionally suJSptitute 
and/or VIII are optionally sulphc^ 
s, z, t, v, G, E and Ey 1 aire as des 
1 to 2 0 except that E and 
link; the process also optionally 
and/or cross -linking a product 
in paragraphs (a) , (b) and/or 



of units VI, VII and/or 
the compounds VI, VII 
ated; and Ar, m, w, r, 
ribed in any of claims 
t -represent a direct 
rising sulphonating 
"th^ reaction described 
to prepare said polymer. 



do rt 



33. A process according t 
is carried out in < — 
elevated temperature . 



aim\31, wherein sulphonation 
centrated\ sulphurate acid at an 



34 . A novel polymer as described in any of claims 1 to 24 
25 (except that the polymer rs not sulphoriated) per se. 




35. A membrane, a fuel cell, a process, \a novel polymer, 
each being independently substantially \is hereinbefore 
described, with reference to the examples. 



